Abstract: An effective allocation of the reactive power in an electrical network aims generally to improve the voltage profile and to control transmission power losses. The present paper proposes the application of an efficient hybrid method combining two evolutionary search techniques. The technique is based on Particle Swarm Optimization (PSO) algorithm and Gravitational Search Algorithm (GSA) to solve the Optimal Reactive Power Planning (ORPP) problem for energy losses cost minimization of Algerian electric power system using the static Var Compensator devices (SVC). To ensure viability of the power system in contingency cases, various critical situations are simulated in order to prevent and prepare the power system to face such situations. The proposed program handles most changes that can occur in to the power system (heavy load, losing a large generator, losing a critical line …etc.). The proposed method is applied to solve the ORPP problem on the equivalent Algerian electric power system 114-bus. Moreover, the obtained results are compared, with PSO and GSA, separately. The results obtained by the proposed method show it's effectiveness for improving the reactive power planning problem. Index Terms: Optimal reactive power planning, Hybrid PSO-GSA, Stability Index, Equivalent Algerian electric power system.
Introduction
Through adjusting voltage generator, reactive power generator, transformer taps, and reactive power sources (capacitive or inductive banks, FACTS devices, etc.), the reactive power planning can reduce voltage deviations and active power losses. And in the same time maximizing voltage stability margin [1] [2] . Since the generator reactive power, generator voltages, the transformer ratios and reactive power sources are continuous, the optimization problem is a nonconvex nonlinear programming problem (NLP). To solve such problem many conventional methods [3] [4] [5] , like stochastic search methods [5] [6] [7] [8] [9] [10] [11] and hybrid conventional-stochastic methods [1] , have been proposed.
To insure the power system security, the OPRPP problem is associated with the contingency analysis problem. The contingency analysis, which is a well-known function in power system planning and operation [11] [12] [13] [14] [15] , is used later to predict the contingencies which make system violated and rank the contingencies according to their relative severity. An outage of a transmission line, capacitor bank or transformer may lead to over loads in other branches and sudden system voltage rise or drop. This may lead to complete blackout. In this paper, three critical contingency cases are studied, these are: 1) Heavy load, 2) Lose a large Generator, 3) Lose a critical line. These cases are studied in a way to guarantee: i) The system stability after the increase of the power system load (voltage level, active and reactive power and load tap changer value are in the secure range), ii) The stability system maintainability after the outage of a large generator and a critical line, iii) a better location choice of the SVC's devices is for improving the network voltage level and stability.
In this paper, the voltage instability analysis study, which is one of the critical issues in electric power system [16] [17] , is also considered in a way to identify the critical buses to locate the SVC's devices and the critical lines for the contingency study purpose. For this purpose, three different stability indexes namely Fast Voltage Stability Index (FVSI) [18] , Line stability index (Lmn 19] and Line Stability Factor(LPQ) [20] To solve the ORPP problem, which is a nonlinear optimization problem, we have opted to use a hybrid meta-heuristic technique combining a particle swarm optimization method and the gravitational search algorithm (PSO-GSA) [21] .In the first part of this method, the PSO is used. This method is a stochastic search technique developed by Kennedy and Eberhart [22] and has been found to be robust and flexible in solving optimization problem, because it can generate a high quality solution within shorter calculation time and more stable convergence characteristic than other stochastic methods. In the second part, the GSA method is used [23] . It is a novel optimization method based on the law of gravity and mass interactions. It has good ability to search for the global optimum. However, these methods suffer from its low computational speed. Hence, the use of the hybridization PSO & GSA aims to give to the new algorithm more effective and efficient. Also, it can find the optimal solution with less computational time with more accuracy. The principle of the hybrid technique used in this paper is base on the exploitation of the feature of the GSA in the initial stages of the search process, and the exploring feature of the PSO during the later stages of the algorithm [21] . In [21] , IrajKheirizad have used use twentythree benchmark functions to validate the performance of the PSOGSA algorithm and was compared to standard PSO and GSA. The obtained results show that the number of functions performed well by the PSOGSA is nearly twice of functions performed by PSO and GSA. This comparison shows the robustness and the effectiveness of the PSO and GSA. The results also have shown that the convergence speed of PSOGSA is faster with stable convergence characteristic than other stochastic methods [21] . A state of the art of the use of the proposed method in several electrical engineering domains is presented in the appendix section.
The proposed approach has been applied to the ORPP problems using SVC's device for the equivalent Algerian electric power system 114-bus. Three stability index methods, FVSI, Lmn, and LPQ are used to identify the weakest buses and lines where to install the SVC's devices. 
Appendix

Problem Formulation
In this paper, the global objective function of the ORPP problem aims to minimize two objective functions which are: 1) Minimization the Compensation devices amount, 2) minimization of Cost of energy losses, while satisfying several equality and inequality constraints.
The proposed formulation of the ORPP problem is expressed as follows:
with:
A. Problem objectives A.
Compensation devices investment cost minimization
The total investment cost function of the compensation devices is composed by the fixed installation cost and the purchase cost.
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A.2. Cost of energy losses minimization function
The objective function of the cost of energy losses is represented as [24] :
Where d is the duration of load level I (see Table1) .
A.3. Proposed objective Function
The proposed objective function is as follow [24] :
B. System constraints B.1. Equality constraints Equality constraints represent typical load flow equations as follows:
B.2. Inequality constraints
The inequality constraints represent the system operating constraints. Generator constraints: The generator voltages VG and reactive power outputs QG are restricted by their upper and lower limits as follows:
Switchable VAR constraints: Switchable VAR compensations are restricted by their lower and upper limits as follows:
Transformer constraints: transformer tap settings are bounded as follow:
4-Security constraints: these constraints include the constraints of voltage at load VL bus and transmission line loading {St from , St to } as follows:
Identification of critical buses and lines
The Stability indices have been usually used in power system for the purpose of voltage stability valuation. They can be an indicator to assess the state of a power system, whether it is healthy or stressed. The purpose of voltage stability index is to determine the point of voltage instability, the weakest bus in the system and the critical line. In this paper, a new voltage stability index is proposed to evaluate the line stability condition in a power system and to identify the system critical buses and lines. The proposed stability indexes are as follows:
A. Fast Voltage Stability Index (FVSI1)
The Fast Voltage Stability Index FVSI is proposed by I. Musirin et al [18] . It is formulated on the base of a power transmission concept in a single line. The mathematical formulation of the FVSI is so simple that it can be calculated on-line. Taking the symbols i as the sending bus and j as the receiving bus. Hence, the fast voltage stability index (FVSI) can be represented as:
B. Line Stability Index (Lmn)
The line stability index Lmn proposed by Moghavvemi et al. [19] is formulated on the base of a power transmission concept in a single line. The line stability index can be reproduced as:
C. Line Stability Factor (LPQ).
The LQP was proposed by A. Mohamed et al [20] . It was used in the comparison since this factor is more sensitive to a reactive power change. LQP is calculated as:
The value of voltage stability index must to be kept between 0 and 1. If it is close to 1, it means that it is near to the instability point. Consequently, the voltage instability could occur. And if it is close to 0, it means that the system is very secure.
The steps implemented for identifying the critical buses and lines are taken from [7] .
Proposed method Hybrid PSO-GSA technique
The hybrid algorithm proposed in this study is a combination of PSO algorithm and GS algorithm. The PSOGSA is a new hybrid method which has been proposed by S.Mirjalili et al. in 2010 [21] . The basic idea of PSOGSA is to combine the ability of social thinking (gbest) in PSO [22] with the local search capability of GSA [23] . To combine these algorithms; the following formulation is used [22] :
The positions of particles are updated at each iteration as follow [21] :
( 1) ( ) ( 1)
The flowchart of PSO-GSA is shown in Figure 1 . The details of the PSO-GSA based optimization algorithm are as follows:
Step 1: A set of initial populations are created randomly within the minimum and maximum limits of the control variables. This initial populations is chosen as a parent populations Step 2: The objective function for each agent in the initial population is evaluated.
Step 3: Calculate Gravitational force, gravitational constant and resultant forces among agents using (19) , (20) , and (21) respectively:
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Step 4: Calculate M acceleration for all agents of particles as defined in (22) .
Step 5: Calculate velocities of all agents using (17).
Step 6: Update position of each agent according to (18) .
Step 7: The objective function for the new searching points and the evaluation values are calculated. The process of updating velocities and positions will be stopped when the end criterion it met.
Step 8: If the stopping criterion is met (which means that the maximum number of generation is reached or the optimal point is achieved), the results is printed. Otherwise, go to Step 2.
Step 9: Return the best solution. 
A. PSOGSA for ORPP problem
In the ORPP problem, the elements of the solution consist of all control variables, namely, generator bus voltages (V), the transformer tap-setting (T) and the reactive power generation (Qc). The proposed objective function can minimize three objective functions by satisfying the constraints given by equations (8) in (9, 12 and 13) and the equality constraints given by equations (6) and (7) are satisfied by running the power flow Newton-Raphson algorithm. The control variables presented in (8, 10 and 11) are self-controlled. And the dependent variables are added in the quadratic penalty terms to the objective function in order to keep their final value close to their operating limits.
In the above objective function Vi lim ,QGi lim andSi lim are defined in the following equations. ,
SVC Model
The SVC is defined as a shunt connected static Var generator or consumer, whose output is adjusted to exchange capacitive or inductive current in order to control specific parameters of the power system, typically bus voltage. In this paper, the SVC is modeled as a variable shunt reactive susceptance jbsvc installed at the node i. In this case, only one term of the nodal admittances, corresponding to the node where the SVC is connected (see Figure 2) [1], matrix is modified.
The difference between the line susceptance before and after the addition of SVC can be expressed as:
The admittance matrix Ybus before the addition of SVC: 
The new system admittance matrix Y'bus can be updated as: 
Voltage stability analysis based on multi-objective optimal reactive power 
Simulation Results
In order to verify the effectiveness of the proposed approach, the hybrid particle swarm optimization and gravitational search algorithm (PSOSGA) has been tested on the equivalent Algerian electric power system 114-bus (220/60 kV). For comparison purpose, two other algorithms are also implemented for solving the problem, namely Particle Swarm Optimization (PSO) and Gravitational Search Algorithm (GSA). Table 2 shows the parameters, number of iterations and population size of these algorithms. The penalty factors in (25) are listed in Table  3 . The programs have been written in MATLAB-7 language and executed on a 2.91 GHz CPU dual -core with 4 GO RAM. To validate the effectiveness of proposed approach; five different study cases are considered (see Table 4 ): Table 5 ranks the top 15 weakest buses and lines for the equivalent Algerian electric power system 114-bus. The chosen buses which will receive the compensations devices are listed in Table 6 . 
A. Weakest buses identification
B. Algerian Electric Power System 114-Bus simulation results
In this section the comparison of proposed algorithm runs on the equivalent Algerian electric power system (220/60 kV). The system consists of 175 transmission lines, 15 generator-buses, 99 load-bus, and 17 tap changer transformers. The switchable capacitor bank will be installed at bus bars 66 and 67, the total system real and reactive power demands are 3146.2 MW and 1799.4 Mvar. The Algerian power system data are given in Appendix B (Tables B.1 Tables 7 and 8 .
to B.3). The control variable limits and the description of the test systems are listed respectively in
Voltage stability analysis based on multi-objective optimal reactive power Table 9 lists the optimal setting of control variables for this case for proposed PSO-GSA algorithm. From this table it can be seen that all control variables obtained by the proposed method are within the secure limits. In the other hand, the installation of reactive power is considered only for the most critical case (case 2, 3-2, 4 and 5) where the weakest buses become instable and need the reactive power to become stable.
The obtained load voltage profile of the Algerian 114-bus test system for all case studies obtained by proposed algorithm is shown in Tables 10, 11 and 12 present the results obtained for different cases of study by using GSA, PSO, and PSO-GSA methods respectively. In comparing the results, we can notice that the minimum active power losses in cases 2 to 5 obtained by the proposed method are considerably reduced with regard to the other methods. For example, for Case 1, the proposed method allows to reduce the active power losses Ploss from 0.6745p.u to 0,5905p.u. And by using PSO and GSA the active power losses are reduced respectively to 0,5929p.u and 0,6000p.u. Also, for cases 2 to 5 we get further reduction of active power losses (Ploss) when using the hybrid PSO-GSA method. From these results we can see that the minimum found by the proposed method is better than the PSO and GSA method when used separately. This comparison proves the superiority of the proposed method.
Furthermore, from the result presented in tables 10 to 12, it can be noted that at the cases 1 (the base case) real power saving (P save ) and the annual cost saving (Wc save ) fond by the hybrid PSO-GSA method are reduced by 1,60880; 11,5310; 11,6960% and 0,40643; 3,00968; 3,00950 % respectively compared to the two comparison methods (PSO and GSA). On the other hand the minimum Ploss, P save and Wc save ,found for Cases 5 , which is the most critical cases, compared to the PSO and GSA are respectively reduced by 1,70743; 14,8309; 14,8305% and 5,59457; 48,5297; 48,5298% .
This result shows that the reduction of the Ploss, P save and Wc save found by applying the proposed method compared to the other comparison methods (PSO and GSA) in the most critical case (Case 5) is significantly higher than that found in the base case (cases 1). This result shows the interest of hybridization between the PSO and GSA methods for solving complex optimization problems. Appendix B: The Algerian electric power system 114-bus. 
Conclusion
The Hybrid Particle Swarm Optimization and Gravitational Search have been used for solving the reactive power planning using SVC's device. Various critical situations are simulated to prove the effectiveness of the proposed algorithm and to ensure viability of the power system in contingency scenarios. The locations of the SVC's devices considering voltage security are determined using three different stability indexes namely, Fast Voltage Stability Index (FVSI), Line stability index (Lmn) and Line Stability Factor (LPQ).
The simulation results show the high performance of PSOSGA algorithm on minimizing the transmission power losses and on improving the real power and annual cost savings. The analyses of the results are very promising since the main objectives of the proposed technique were achieved:
• State and control variables were brought to their range limits.
• Voltage stabilityis ensured in the most critical bus in the system by installing the compensation devices.
• Minimum of SVC's devices amount.
• Minimum of transmission active power losses.
• The best real power saving and the annual cost saving.
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